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(54) Consolidating proppant and controlling fines In wells 

(57) Proppani particles coated with a tacky resin coating are suspended In a gelled liquid fracturing fluid and con- 
veyed into formations where the resin hardens to weakly consolidate the proppant particles so that fines will stick to 
the proppant packs. 
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Description 



[0001 J The present invention relates to a method of consolidating proppant in subten^anean fractures formed In wells 
and controlling the production of fines with produced fluids therefrom. 

5 [00021 Hydrocarbon producing wells are often stimulated by hydraulic fracturing treatments. In hydraulic fracturing 
treatments, a viscous fracturing fluid which also functions as a carrier fluid Is pumped Into a producing zone to be 
fractured at a rate and pressure such that one or more fractures are formed in the zone. Particulate solids, e.g. , graded 
sand, for propping the fractures, commonly referred to in the art as "proppanr are suspended In a portion of the frac- 
turing fluid so that the particulate solids are deposited In the fractures when the fracturing fluid is broken. That is. a 

10 delayed viscosity breaker is included in the fracturing fluW whereby the fracturing fluid reverts to a thin fluid whfch ts 
returned to the surface. The proppant deposited in the fractures functions to prevent the fractures from closing so that 
conductive channels are fonned through which produced hydrocarbons can readily flow. 

[0003] In order to prevent the subsequent flow-back of proppant as well as loose or Incompetent fine sand (refered 
to in the art as "fines") in the fractured zone with fluids produced therefrom, a portion of the proppant introduced into 

15 the fractures has heretofore been coated with a hardenable resin composition which is caused to harden and consol- 
idate the proppant particles In the zone. Typically, the hardenable resin composition coated proppant Is deposited in 
the fractures after a large quantity of uncoated proppant has been deposited therein. That Is, the last portion of the 
proppant deposited in each fracture, referred to in the art as the "tall-end portion", Is coated with the hardenable resin 
composition. When the viscous fracturing fluid which Is the carrier fluid for the proppant is broken and reverts to a thin 

20 fluid as described above, the hardenable resin coated proppant is deposited in the fractures and the fractures close 
on the proppant. The partially closed fractures apply pressure on the hardenable resin coated proppant particles where- 
by the particles are forced into contact with each other while the resin composition hardens. It has heretofore been 
thought that the hardening of the resin composition under pressure brings about the consolidation of the resin coated 
proppant particles Into a hard pemieable pack having sufficient compressive and tensile strength to prevent unconsol- 

25 idated proppant and formation fines from flowing out of the fractures with produced fluids. However, It has been found 
that as the fracturing fluid containing proppant without a hardenable resin composition coating thereon is carried Into 
the fractures by the fracturing fluid, some of the proppant Is continuously deposited In the bottom of the fractures 
adjacent to the well bore. This unconsolidated accumulation of non-resin coated proppant remains in the fractures 
adjacent to the well bore and when the hardenable resin coated proppant enters the fractures at the end of the proppant 

30 deposit. It does not displace the uncoated proppant at the bottom of the fractures. Instead, the hardenable resin coated 
proppant flows over the uncoated proppant. This results In unconsolidated proppant at the bottom of the fractures 
adjacent to the well bore. During the subsequent production of fonnation fluids through the propped fractures, the 
unconsolidated proppant at the bottom of the fractures as well as formation fines flow back with the fonnation fluids. 
The flow-back of the proppant and fines with the fonnation fluids is very detrimental in that It erodes metal goods, plugs 

35 piping and vessels and causes damage to valves, instruments and other production equipment. 

[0004] In high temperature wells, i.e., wells having subterranean temperatures greaterthan about 300**F, the proppant 
packs in the fractures often become damaged as a result of fonmalion fines flowing through the proppant packs. The 
presence of the fines in the proppant packs also reduce the produced fluid conductivities of the proppant packs. 
[0005] Another problem encountered in the use of prior hardenable resin compositions for coating proppant particles 

40 is that the hardenable resin composition components, i.e., the liquid hardenable resin component and the liquid hard- 
ening agent component, have heretofore had very short shelf lives. That is. the shelf lives of the hardenable resin 
composition components have heretofore been as short as about four days or less. In addition, the hardenable resin 
composition conponents have heretofore had very low flash points, i.e., flash points of about 60"F or below making 
them very dangerous to use. 

45 [0006] Thus, there are needs for improved methods of consolidating proppant particles In subterranean fractures 
whereby the consolidated pemrieable proppant packs fonned In the fractures have high fonnation fluid conductivities 
and do not permit the flow-back of proppant or allow the flow-through of fonnation fines. Further, there are needs for 
improved hardenable resin compositions and/or the components thereof that have long shelf lives and high flash points, 
i.e., flash points above 125'F. 

50 [0007] We have now devised an improved method of consolidating proppant and controlling fines in fractures fonned 
In subterranean fomiations whteh meet the needs described above and overcome or mitigates the deficiencies of the 
prior art. 

[0008] The inventk>n provides a method of consolidating proppant and controlling fines in one or more fractures 
formed in a subten-anean formation, which method comprises the steps of: (a) pumping a gelled liquid fracturing fluid 
55 into the subterranean formation to fonn said one or more fractures therein; (b) mixing hardenable resin composition- 
coated proppant particles with said fracturing f lukJ pumped in accordance with step (a) whereby said hardenable resin 
composition coated proppant partfcles are suspended therein and placed in said fractures; said coated proppant par- 
tk^les having been fonmed by mixing a liquid hardeable resin component comprising a hardenable resin, with a liqukf 
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hardening agent component comprising a hardening agent, in amounts that form a liquid hardenable resin composition 
that remains tacky after hardening, and then coating said liquid hardenable resin composition onto dry proppant par- 
ticles; and (c) allowing said hardenable resin composition on said resin composition coated proppant particles to harden 
and weakly consolidate said proppant particles into one or more pen^eable proppant packs while remaining tacky so 
5 that fine solid formation partk:les carried to said permeable proppant packs by produced formation fluids stick to said 
permeable proppant packs. 

[0009] In the method of the invention, the liquid hardening agent can also include one or more of a silane coupling 
agent, a hydrofyzable ester for breaking gelled fracturing fluid films on the proppant partteles, a surfactant for facilitating 
the coating of the resin on the proppant particles and for causing the hardenable resin to flow to the contact points 
10 between adjacent resin coated proppant partcles, a liquid carrier fluid and/or a viscostfying agent for viscosilying the 
carrier fluid and dispersing the hardening agent when the hardening agent is a particulate solid. 
10010] The gelled liquid fracturing fluid is pumped Into a subterranean zone to form one or more fractures therein 
and to place the hardenable resin composition coated proppant particles in the fractures. The liquid hardenable resin 
component is mixed with the liquid hardening agent component in amounts that form a liquid hardenable resin com- 
positron that remains tacky after hardening into a weakly consolidated permeable mass. The resulting hardenable resin 
composition coated proppant particles are mixed with the fracturing fluid whereby the hardenable resin composition 
coated proppant partteles are suspended In the fracturing fluid. When the hardenable resin composition coated prop- 
pant partteles have been placed in the one or more fractures, the pumping of the fracturing fluid, the mixing of the liquid 
hardenable resin component with the liquid hardening agent component, the coating of the dry proppant particles with 
the hardenable resin composition and the mixing with and suspending of the resin composition coated proppant par- 
tteles in the fracturing fluid are terminated. The hardenable resin composition on the coated proppant particles is allowed 
to harden and to consolidate the proppant particles into one or more weakly consolidated pemieable proppant packs 
while remaining tacky so that formation fines carried to the pemneable proppant packs by produced formation fluids 
stick to the permeable proppant packs. 
55 [0011] The sticking of the fomnation fines to the tacky resin coated permeable proppant packs prevents the formation 
fines from flowing into and through the proppant packs and thereby prevents the conductivities of the proppant packs 
from being reduced. Also, the use of the high-temperature hardenable resin composition described in this invention 
altows the tacky resin to withstand high temperatures and prevents the deterioration of the proppant packs at temper- 
atures above about 300«F. In addition, the proppant packs prevent the flowback of proppant, the hardenable resin 
30 composition components have long shelf lives before being mixed and the soh^ent and carrier fluids have high flash 
points. 

[0012] In accordance with the methods of the present invention, all of the proppant transported into the fractures is 
coated with a resin composition (preferably on-the-fly) and is suspended in the fracturing fluid as the fracturing fluid is 
pumped into the well bore and into the fractures. As a result, the resin coating on the proppant is fresh and when it 

35 hardens and consolidates the proppant, penneable proppant packs are fomied in the fractures whfeh prevent proppant 
flow-back. In addition, the hardenable resin composition components of this invention have long shelf lives, e.g., four ' 
months and longer. The components, i.e., the liquid hardenable resin component and the liquki hardening agent com- 
ponent are stored separately until they are mixed just prior to being coated onto proppant. The mixing of the components 
can be by batch mixing or the two components can be metered through a static mixer to obtain a homogeneous mixture 

40 before being coated on dry proppant partteles while the proppant particles are conveyed in a sand screw. The amount 
of mixed liquid hareJenable resin composition coated on the proppant ranges from about 0.1% to about 5% by weight 
of the proppant with about 3% being preferred. 

[001 3] As will be described further hereinbelow, in order to conserve the amount of hardening agent utilized for curing 
the hardenable resin which has been deposited on all of the proppant In the fractures, the volume ratk> of liquid hard- 
^5 ening agent component to liquid hardenable resin component utilized in accordance with this Invention can be varied. 
In a preferred technique, the volume ratio of the liquid hardening agent component to the liquid hardenable resin 
component is varied from an initial volume ratio at the beginning of the proppant suspended in the fracturing fluid to a 
lower volume ratio as the middle portion of the proppant Is suspended in the fracturing fluid and then back to the initial 
volume ratio at the end portion of the proppant suspended in the fracturing fluW. This technique results in consoiklated 
proppant packs in the fractures whteh have high strength at the fonvard ends of the packs, less strength at the middle 
portions of the packs and high strength at the end portions of the packs. The mkidle portions of the packs tend to be 
placed deeply in the fractures far away from the weO bore. Since all of the proppant is consolidated^ there is no uncon- 
solidated proppant remaining in the bottoms of the fractures and as a result proppant flow-back does not occur 
[0014] In accordance with one improved method of this invention, dry proppant pariicles are coated with the hard- 
enable resin composition, preferably on-the-fly, the coated proppant particles are suspended in the fracturing fluid, 
preferably on-the-fly, and the resulting hardenable resin composition coated proppant particles are placed in one or 
more fractures formed In a subterranean zone. The method Is basically comprised of the following steps. A liquid 
hardenable resin component is provided comprised of a hardenable resin and optionally, a solvent for the resin having 
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amounts thai lorm a liquid ''arde^able res.n <w^^^^ 

on.,he.fhr. .0 .om, •'ardenable res n ^-P;^^;^''^^^^^^^^ '^SS.T^L^^, whereby me hardenab.e resin 
proppam particles are continuously mixed *^ ^he hardenable resin composiBon coated 
composaion coated proppant P^J- ^^^'^^^^^^^ and other related steps 

proppant part.cles are art, the gelled liquid fracturing fluid can include a viscosity 

in the fractures and the f ra^unng fluid ^llTthat^aTowing stream is continuously introduced into another 
I001S] Tho tonr, -on-tho-fiy- « J^^J ml^ wZ continuing to flow as a single stream. While the 

''°*"^n:X?harrnaTe^^^^^^ ~-P--^ '° rr'^^'l 

!:ri=yro=^^^^^ 

. .. w»„t„«H «ihAn the fracturlna fluid is broken and the hardenable resin composition coated 
[0016] AS is also *f " fractures close on the proppant partteles. The partially 

proppant partcles are '^'^^^^^^^^^'^^^^'^^ry coated proppant whereby the proppant particles 
Closed fractures ^^"^ J^l^^^^^^^J^^^^^^^^^^Z. hardens The hardening of the resin composition 
are forced into contact with each ottfer while we ream c«xr,p permeable pack having 

under pressure helps ^^^^^^^^^^^^^^^ 
sufffcientcompress^^estr^Jt^^^^^^^^ 

with produced fluids. In fracture ^^^f "^"'^ ."^^'f ° the well bore through casing and cement Into the un- 

is required in the P«rf°^««°"7^'''^^!'f ^Trttonf of Thl un^JnscIidated fomiation Lrrounding tho welt bore, 
consolidated fomiation as we ^. '"l^ ^l^^^jj^^^^^^^^^ resin composition and Is caused to 

The proppant whfch is deposed .n ^V^'^^^^^.^Jt^^ fractures contributes to the prevention of 

harden therein^The [f^"'^ ^^^''^fj^.^^^^^ tt^ hardenable resin coated proppant in 

proppant flow-back. Ho«eve . there is oft^^^^^^^ hardenable resin coated proppant 

the fractures close to the we bore and "° ^J'^P^^ parOcles can be separated from each 

particles in the perforationsjn a^^^^^^^^^^^^ 
otherbyfllmso thege^^ed^^^ 

do not sufficiently consolidate. AS a J" , unconsolidated proppant and fomiation fines from 

often have less than suffic«nt compressve ^^^f P^^^ sXed S i^udJng in the hardenable resin compo- 
flowing outofmeperfo^ttonsand fn^^^^^^^^^^ p^,^,^, , 

sition one or more hy<l~'y2«ble esters w^^^ 

::s;^:^rrfrtM^^^^^^^^^^ 

are ^"^"•'^^^^Slnl^^^^^^^ utilized in the liquid hardenable resin component include, but 

[0017] Examples of hardenable ^^^^"1*. ^^^"^ resin, poiyepoxide lesin. novolak resin, polyester 

are not '«"««f ^^^^^^ ''2. amers and mixtures thereof, 

resin, phenol-aldehyde resin, urea aidenyae ^esin. ■ hardenat'e 

component, preferably an amount of about 85%. 
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J [0018] Examples of solvents having high flash points (above about 125'F) which can optionally be used for the 

^ hardenable resin In the liquid hardenable resin component include, but are not limited to. dipropylene glycol methyl 

ether, dipropylene glycol dimethyl ether, dimethyl formamide. diethyleneglycol methyl ether, ethyleneglycol butyl ether, 

diethyleneglycol butyl ether, propylene carbonate, d'limonene and fatty acid methyl esters. Of these, dipropylene glycol 
5 methyl ether Is preferred. The amount of the solvent utilized in the liquid hardenable resin component is in the range 

of from about 0% to about 30% by weight of the liquid hardenable resin component, preferably in an amount of about 

16%. 

[0019] Examples of the hardening agents which can be used in the liquid hardening agent component include, but 
are not limited to, amines, aromatic amines, polyamines, aliphatic amines, cyclo-aliphatic amines, amides, polyamides, 
10 diethyltaluenediamine 4,4'-diaminodlphenyl sulf one, 2-ethyl'4-methyl imidazole and 1 , 1 .3-trichlorotrif luoroacetone. Of 
these, 4,4'-diaminodiphenyt sulfone is prefen-ed. The hardening agent is included in the liquid hardening agent com- 
ponent in an amount in the range of from about 40% to about 60% by weight of the liquid hardening agent component, 
preferably in an amount of about 50%. 

[0020] Examples of silane coupling agents which can optionally be used in the liquid hardening agent component 

IS Include, but are not limited to, N-2-{aminoethyl)-3-aminopropyltrimethoxysilane, 3-glyddoxypropyltrlmethoxysilane and 
n-beta-(aminoelhyl)-gamma-aminopropyltrimethoxysilane. Of these, n-beta-(aminoethyl)-gamma-aminopropyltri- 
methoxysilane Is preferred. When used, the silane coupling agent Is included In the liquid hardening agent component 
in an amount In the range of from about 0.1% to about 3% by weight of the liquid hardening agent component. 
[0021] Examples of hydrolyzable esters which can optionally be utilized in the liquid hardening agent component for 

20 facilitating the coating of the resin composition on the proppant particles and for brealcing gelled fracturing fluid films 
thereon include, but are not limited to, a mixture of dimethylglutarate, dimethyladipate and dimethylsuccinate, sorbitol, 
catechol, dimethylthiolate, methyl salicylate, dimethyl salicylate, dimethylsuccinate and ter-butylhydroperoxide. Of 
these, a mixture of dimethylglutarate. dimethyladipate and dimethylsuccinate is preferred. When used, the ester or 
esters are present In the liquid hardening agent component in an amount in the range of from about 0.1% to about 3% 

ss by weight of the liquid hardening agent component, preferably in an amount of about 2%. 

[0022] The surfactants which can optionally be utilized in the liquid hardening agent component for facilitating the 
coating of the resin on the proppant particles and for causing the hardenable resin to flow to the contact points between 
adjacent resin coated proppant particles include, but are not limited to, an ethoxylated nonyl phenol phosphate ester, 
mixtures of one or more cationic surfactants and one or more non-ionic surfactants and an alkyl phosphonate surfactant. 

30 The mixtures of one or more cationic and nonionic surfactants are described in U.S. Patent No. 6,311 .733 issued to 
Todd et al. on November 6, 2001 which is incorporated herein by reference thereto. Of the surfactants that can be 
used, a C12-C22 alkyl phosphonate surfactant is preferred. The surfactant or surfactants utilized are included in the 
liquid hardening agent component in an arnount in the range of from about 2% to about 15% by weight of the liquid 
hardening agent component, preferably in an amount of about 10%. 

35 [0023] The liquid canier fluid having a high flash point (above about 125'F) which can optionally be utilized in the 
liquid hardening agent component is selected from the group consisting of dipropylene glycol methyl ether, dipropylene 
glycol dhiethyl ether, dimethyl fonnamlde, diethyleneglycol methyl ether, ethyleneglycol butyl ether, diethyleneglycol 
butyl ether, propylene carbonate, d*llmonene and fatty acid methyl esters. Of these, dipropylene glycol methyl ether is 
prefen-ed. When used, the liquid carrier fluid is present In the liquid hardening agent component in an amount in the 

40 range of from about 20% to about 40% by weight of the liquid hardening agent component, preferably in an amount 
of about 30%. 

[0024] Examples of viscosifying agents that can optionally be utilized in the liquid hardening agent component, in- 
clude, but are not limited to hydroxypropyl cellulose and organophlllc clays. Of these, organophilic clay is preferred. 
Organophilic clays are the reaction product of purified smectite clay (either hectorite or bentonite) and a quaternary 
45 ammonium salt. When used, the viscosltying agerit Is present In the liquid hardening agent component In an amount 
in the range of from about 0% to about 3% by weight of the liquid hardening agent component, preferably in an amount 
of about 1%. 

[0025] As mentioned above, the hardenable resin is present in the liquid hardenable resin component in an amount 
in the range of from about 70% to about 100% by weight of the liquid hardenable resin component and the hardening 

50 agent is pr^ent in the liquid hardening agent component in an amount in the range of from about 40% to about 60% 
by weight of the liquid hardening agent. In order to form a liquid hardenable resin composition that weakly consolidates 
proppant partKles and that is tacky after hardening, the liquid hardenable resin connponent and the Ik^uid hardening 
agent component are mixed in a weight ratio of the liquid hardenable resin component to the liquid hardening agent 
in the range of from about 99:1 to about 90:10. more preferably in the amount at about 95:5 weight ratio. 

55 [0026] A variety of fracturing fluids can be utilized in accordance with the present invention including aqueous gels, 
emulsions and other fluids utilized for fomiing fractures in subterranean zones and carrying resin composition coated 
proppant particles into the fractures. The aqueous gete are generally comprised of water and one or more gelling 
agents. The emulsions can be comprised of two immiscible liquids such as an aqueous gelled liquid and a liquefied. 
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normally gaseous fluid, such as nitrogen 



SS'" ZZe^e6UMZ^"or use in accordance w«h mis inven«on are aqueous ge.scojnprised of water 
100271 P'?7'!J.;^^^^^^ and increasing its viscosity, and optionally, a cross-linking agent for cross-linking 

are polysaccharides and '^'^^^^^^'^^ add or pyranosyl sulfate. Examples of natural hy- 

riSSt^Sfnin?^^^^^^^ 

aJd derivative thSreof such as hydroxypropyl guar and cel^ose derivat^es 
l^i rfhvdroS^^^ ce lutose Hydratable synthetic polymers and copolymers whteh contain the abo^e ment«ned 
such as hy*oxy«»ny ' ""^ilbed Examples of such synthette polymers Include, but are not limited to. polyacrylate. 
'"H"",? ^!^^^Ta^S1oS^^^^^^ po^inylpVione. The gelling agent used is general^ com- 

= 1 o „f ^rn« iinkina aoents whfch can be utilized to further increase the viscosity of a gelled fracturing 

fluid are °° ^, ' . .^univalent metal ions are chromium, zirconium, antimony, trtan.um. iron, zinc 

rrurre^'us^TTh?^^^^^^^^^ ^ 9eneralV added to the ge«ed water In an amount In the range of 

LTb^iakr^stTLt^se of tL enzyme type^ 

rn^lfof whfch a^ weJknoin to those skHled in the art. The gel breakers cause the viscous earner fluids to revert 
tTthin luidrlhatrn Wro^cid back to the surface after they have been used to place proppant particles in sub- 
to thin fluids that can M F0°"~° qenerally present in the fracturing fluid in an amount in the range of from 
iruMr ra^oTs wS^^^^^^^ The fracturing fluids can also include one or more of a 
<i welf^li^ aSiS such as 'gel sSbilizers. fluid loss control additives, clay stabilteers. bactenacdes and 

TJ^T Th« nroooant oaftfcies utilized in accordance with the present Invention are generally of a stee such that 
K ion^VkSSsoKch^^^^ with produced fluids are prevented from being produced frorn the subterra- 
formation l»"'f''«e somos 9 including graded sand, bauxite, ceramic materials, glass materials, 

nean zone Vanous ^^^J^^^«^ ^ GeS «i JoSpant particles have a size in the range of from about 2 to 
T'"fiSrh^ S S^S SeriSrre pS proJpantTs graded sand having a particle size in the range of from 
abou 400 "lesh U_S. Sieve P « arttele size distributton ranges are one or more of 

f^^L?oSST^s^bterraneanfom,ationcomprisesthestepsof:(a)providingaliquidh 
fractures Tomiea I nroviding a liquid hardening agent component compnsed of a particulate solid 

rTrnlnt fcfoTot^nSso^^^^^ 

Z ZZ ZmT^^^^^^^ suTferSSean'zone to fom, the one or more fractures therein and to place 
the g^"^,'^^^^"!';^"^^^ fixing the llqukJ hardenable resIn component with the liquid hardening agent 

''^ll^^T^uZ^^oZ^ quTd haLnatJe resin composltton; (g) coating the liquid hardenable resin com- 

T„«?llL^inlUmrnr^ 
LT.SX?S?ed P SX^^^^^^^^ Uthe resin composHion coated proppant panfcl^ produced in step 

^l^itSr^rilftTdpum^^ 

^S:T.^:^C^A^^J^r^9 »teps (e). (f). (g) and (h) when the resin composition coated ^^-^^^ 
SLbeeTplaced in theoneormore fracture 
sition coid proppant partkdes to harden and weakly consolidate the proppant particles into one o more pen^e^e 
prprnt pi^^^^^^ rLiaining tacky so that fine sola fom.atk,n particles carried to the pem,eable proppant packs 
L nrnriueed formation fluids stick to the penneable proppant packs. 
55 SS^oS^Tprerredimprovedmethodforconsol^^^^^^ 

Ed in^ttbteSSeln fonnation comprises the steps of: (a) pmviding a liquid hardenable resh component com- 
^^Sa^^^^T^Mii providing a liquid hardening agent component comprised of a particulate solid hard- 
"^t^'^^^i^ aSent. a Wable ester for breaking gelled fracturing fluid films on the proppant 
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particles, a surfactant for facilitating the coating of the resin on the proppant particles and for causing the hardenable 
resin to flow to the contact points between adjacent resin coated proppant particles and a liquid carrier fluid: and (c) 
providing a source of dry proppant particles; (d) providing a gelled liquid fracturing fluid; (e) pumping the gelled liquid 
fracturing fluid into the subten-anean formation to form the one or more fractures therein and to place proppant particles 
In the fractures; (f) mixing the liquid hardenable resin component with the liquid hardening agent component in amounts 
that form a liquid hardenable resin composition that remains tacky after hardening; (g) coating the liquid hardenable 
resin composition formed in step (f) onto dry proppant particles conveyed from the source thereof to fomi hardenable 
resin composition coated proppant particles; (h) mixing the hardenable resin composition coated proppant particles 
produced in step (g) with the fracturing fluid pumped in accordance with step (e) whereby the resin composition coated 
proppant particles are suspended therein; (i) tenninating steps (e), (0. (g) and (h) when the resin composition coated 
proppant particles have been placed In the one or more fractures; and Q) allowing the hardenable resin composition 
on the resin composition coated proppant particles to harden and weakly consolidate the proppant particles into one 
or more permeable proppant packs while remaining tacky so that fine solid formation particles carried to the pemieable 
proppant packs by produced formation fluids stick to the permeable proppant packs. 
[0034] In order to turther illustrate the methods of the present Invention, the following examples are given. 

Example 1 

[0035] Resin mixtures were prepared using two separate formulations: 

Fonnulation I - 99% of liquid hardenable resin and 1% of liquid hardening agent (by weight of resin mixture). 
Fonnulatlon It - 96% of liquid hardenable resin and 5% of liquid hardening agent (by weight of resin mixture). 

[0036] Each resin mixture was then dry coated onto 20/40-mesh bauxite proppant in the amount of 3% (by weight 
of proppant). The resin-treated proppant was then mixed with carboxymethylhydroxypropyl guar (CMHPG) based frac- 
turing fluid prior to cross-linking and stirring with a stirrer to simulate pumping for 1 hour at 1 TS^F. The proppant slurry 
was then transfen-ed and packed In a brass chamber without closure stress and then placed in an oven at saS^F for 
various time intervals. Observation of the materials at the end of each heated interval indicated that the resin coated 
on the proppant remained quite tacky and the proppant grains attached readily to one another, even after being exposed 
to 325'F temperature for various time periods (Table I). There was no consolidate for the proppant pack treated with 
99:1 resin mixture, even though the proppant grains remain very tacky. The proppant pack treated with 95:5 resin 
mixture became weakly consolidated, with unconfined compressive strengths less than 5 psi. However the proppant 
grains remain very tacky. 

TABLE I 



Time at 
325»F 


99% Hardenable Resin & 1% Hardening Agent 


95% Hardenable Resin & 5% Hardening Agent 


1 day 
5 days 
14 days 


Tacky, unformable 
Tacky, unformable 
Tacky, unfonnable 


Tacky, weakly consolidated 
Tacky, weakly consolidated 
Tacky, weakly consolidated 



Claims 

1. A method of consolidating proppant and controlling fines in one or more fractures formed in a subterranean for- 
mation, whteh method comprises the steps of: (a) pumping a gelled liquid fracturing fluid into the subtenanean 
formation to forni said one or more fractures therein; (b) mixing hardenable resin compositton-coated proppant 
partk:les with said fracturing fluid pumped in accordance with step (a) whereby said hardenable resin composition 
coated proppant particles are suspended therein and placed in said fractures; said coated proppant particles having 
been formed by mixing a liquid hardeable resin component comprising a hardenable resin, with a liquid hardening 
agent component comprising a hardening agent, in amounts that fomi a liquid hardenable resin composition that 
remains tacky after hardening, and then coating said liquid hardenable resin composition onto dry proppant par- 
ticles; and (c) allowing said hardenable resin composition on said resin composition coated proppant partteles to 
harden and weakly consolidate said proppant particles into one or more permeable proppant packs while remaining 
tacky so that fine solid fonnation particles carried to said pemneable proppant packs by produced formation flukte 
stk^k to said pemneable proppant packs. 



7 



BNSOCCIO: <EP 1403466A2.L> 



2. 



3. 



4. 
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agent component from 99:1 to 90:10. 
of two or more thereof. 

oacetone. 

. . », H»,m, 1 to 9 Wherein saW liquid hardening agent component further compretlf 
10. A method according to any of "f^^J^^.^'^^^^^ ,esin on said proppant particles and for causing said hard- 
surfactant forfacilitating the coating of coated proppant particles, said surfactant pref- 
enable resin to flow to the contact P J'*' TaS^rt oTe or more cationic surfactants and 

rrn::;e\rss,rrcraX%-p-- 

..Amethodaccordingtoanvo.cla.s1to.wh^^^^^^^^^ 

rrdShZS^ir^^^^^^^^^^ 

ate, d-limonene and fatty acid methyl esters. 
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